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SUMMARY. Thia papor givos mora or loss chronologically an sccount of tho thoughts, motiva-
tivns and aotions of the Indian National Samplo Burvey (NSS) nbout ths production of statistics for ro-
gions of difforont aizoe. It explaina how the main fenturoa of tho NSS, namely, multi-agency, multipurpose,
multi-subject and ¢ontinuing, have boon exploited to socurs dala for greator and groator number of regions,
and at tho samo Limo, to obtain moro pmuo anel usoful information. It also doscribos how tho NSS has

i d i and sy i i , adtivitice of differont regional authorilies, with
a viow to obtaining resulls, comparablo but mdopomlom. This, with similar but intra-ageney intor-peno-
trating notwork of samploa has providod a incana to toet tho validity of tho results, and also to awwss Lhe
uncortainty in tho ostimales. It onumoratea differont types of rogions, including the hicrarchical systoins,
and thoso bounded by *‘iso-Jinca™ using “'point'* data. It suggests objcclive procedurca of dolincation
of boundarics, that sutomatically oxposcs s hierarchy of rogions, fixed in numbor. 8izo and shoapo, which in
slraady struoturally present. It outlinos o mothod of imotion" of of hi ical regions,
bosod on samplo survoy data, and indicalos a visusl mapping mothad of ssxoaing tho uncertaintion in tho
ostimated boundar It sota forth a schemo which ia flexiblo enough Lo produco, with comparativo caso,
roaults on solooted indicators, for moro than ono syslom of grauping of unita into regions sorving difforont
purposos. It narratos the attompta st standardisalion of regions, for continuous uss over rounds, in ordor
to oxtond and roinforee 1he inheront advantago, normally reatrictod o o singlo round, of tho multi-aubject
dosign of making available a varicty of dala for tha samo sot of rogions, namoly, thoso uscd in that parti-
cular round. It describea how ia apito of ila inability to fumixsh village statistica for cach aad ovory village
in tho oountry, it can draw valuablo regional pictures of tho village conditions. It indicatos how tho survey
dosign has provided for ressarch data to study relationshipe belween difforent rogional poculiaritics ; and
botwoon such attributes on the ono hand and village characteristics on tho other ; and, in tum, botwoen
the lattor and h or individ b istics on tho othor.

INTRopyoTION

L. Preliminary observations. Tho IndianYNational Snmplo Survey (NSS)
has been earrying on enquiries on various socio-economic subjects on a continuing basiy
sinco 1950. Enquirics on consumer expenditure, employment and uncmployment,
population, housing, houschold enterpriso, consumer prico, villago particulars, crop
acreago and yield ete. havo been taken up moro or less on a regular basis.  Subjects
liko land holdings, conditions of agricultural labourors ote., have also been taken up
from time to time. Production of estimates at tho national level has naturally received
the greatest attention, but tho caso for statistics for regions, that is, for areas smaller
than tho wholo country, has not been lost sight of. In fact, in the very first round (1050~
51) of the survey, estimates pertaining to six zones constituting the country woro ob-
tained. And ot tho present timo, production of estimates for tho constituent States
is considered an cssentinl objectivo of the NSS. Even for regions smaller than tho

States, catimates on some selected items, havo been actunlly obtained in gomo of the
rounds.

® This papor originally publishod In Dull. Int. Stat. Inal. XLI, is boing rvprintod hore with tho kind
lasion of tho I istical Instituto, — Kdit
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2. This long occupation with the question of regional catimates hag naturally

cncournged somo thinking, followed by somo action programme. The wholo rocess
is still under development even though wo think, we have mado substantial advances,
1t is thereforo believed, that it might bo of interest to recount hero our thoughta on
this subject, and also to givo an account of the action o far taken.

3. Regional disposition und role of NSS. Regional statistics may bo consi-
dered to full into different categories, depending upon the purpose; and the NSS has
to take account of its general survey conditions in order to decido its rolo in relation
to cach type. Wo have first the eategory whero data relating to only ono or a limited
number of specified regions are desired for some peculinr probloms which aro not of
interest, at least not urgently so, 1o tho remaining regions. The NSS organisation has
on a few ocensions produced such regional statistics, cither, becauso of tho absenco of
a moro suitable ageney in the central region, as in the cuse of survey of two-roomed
houses in Delhi, 1960; or because of wide-spread scatter throughont the country of the
regions or ecnires of intercst, and whero coordinated plan of work is desirable, a8 in
tho caso of Family Living Surveys (1058-59) of middlo clngs (45 urban centres), and of
the working class (50 industrial, mining and plantation areas). But, being cssentially
an organisation of country-wido coverage, production of statistics restricted to scleoted
regions only is not generally favoured. Tho broad category of situation, which is
more in keeping with the NSS sct-up, is the one, in which in addition to national esti-
mates, results are also required soparately for cach of the regions inte which the country
has been divided. National estimates together with cstimates for some specified
regiong, liko tho Culeutta Metropolitan or Damodar Valley Projoct arcas, are also
conceivable. This applics to the situation whero regional statistica sclate to identical
subject fickds, which must be of all-India importance alvo.

4. Enumeralive and research objectives. Tor regional statistics, aa for others,
thero are two classes of survey objectives. In one, which may be termed coumerative,
summary informativn on several itema is obtained, for direct uso in policy formula-
tion and plan implomentation. In tho sccond, which is of an investigational or ro-
seurch nature, the emphasis ia on making comparisons and on studying relationships
for ultimate uso in better planning and correct policy formulation, Tho NSSisina
rosition to throw up useful data for Loth tho above objectives,

6. For policy formulution, planning newls or uction programmes, sumumary
resubts by the general administrativo divisions of the country, liko States and districts,
are & common requiroment.  Now, thero niny bo two points of view, differing only in
emnphasis. ‘To an authority dircetly concerned with o particular territorial division
tho characteristics of that region are of dofinite importanco, but compurison of this
division with other divisions, may not Lo of so great significanco; whereas, tho opposite
may b truo for ene concerned with laying down relative prioritics smong divisions or
identifying tho problem divisions. Agnin, results for zones not co-oxtensivo with the
administrative divisions may bo desired; for examplo, in a caso whoro tho units for

214



REGIONAL STATISTICS AND THE INDIAN NATIONAL SAMPLE SURVEY

. g, for somo specinlised subject, aro different. Somotimes tho appropriate

mgnonal division may not bo known prior to survey designing, especinlly whero the
data aro to bo put to uso for an additional purpose not primarily visualised.

6. Investigational studics on relationship of different types aro of particular
relevanco in regional annlysis.  Ono trics to establish (a) relationship between diffe
regional characteristics, —hicro the region is the unit of analysis, (b) relationship bet
the characteristica of non-regional units (for examplo, housing characteristics), with
the characteristics of the region in which such units are located; or that betweon regional
and sub-regional (say, villnge) characteristics; and (c) tho manner in which regional
characteristics affect the nature and strength of relationship between various sub-
regionnl or non-regional characteristics. Morcover, tho choico and delineation of
regions itself may be a subject of investigation.

7. The primary rolo of tho NSS is data eollection, and it has been continually
on the look out for more and moro eflectivo survey designing, 8o that, within the bud-
getary limitations, it ean produce and provide for as much useful regional statistics
a3 possiblo, and can at tho same time, plan in a manner that a large mensuro of investi-
gational types of studics may bo possible. Our ideas and actions aro described below;
it is convenient to deal with large, medium and small-sized regions tel,

LARGE REGIONS

8. Firsl sel of regions—population zones. Principles governing the choico of
regions for the first few rounds of NSS wero, (a) preced and general acceptability,
(b) availability of background information for interpreting tho survey results, and
(c) adequacy of sample sizo for obtaining sufticicntly preciso estimates. For purposcs of
analysis of census data, the 1051 Population Census authoritics defined six Population
Zones, which covered tho entiro country. Theso wero formed by grouping contiguous
States, lying notionally in different dircctions. NSS adopted theso Zones, and Zonal
resulta on ption pattern, houschold onterprises ete. obtained by NSS could then
be viewed against tho bosic population and other statistics, compiled for theso Zones
by tho Census authoritica. Somo other statistics, although not alrendy compiled by
theso Zones, were obtainable, becauso Stato-wiso data were usually available. This
is ono of tho points in favour of forming regions by grouping units, for which official
statistics are availablo. Tho NSS samplo sizo for o Zone was considered fairly ade-
quate. TIn tho sccond round, for oxamplo, tho number of sample villages in & Zone
ranged from about 100 to 300, with the number of samplo houscholds ten times as
much,

0. Multiple regioning system. \While, in a samplo survoy, samplo sizo is

a seriovs limitation on tho number of ecparato regions for which sufficiently preciso
timates are obtainable, one must ber, that this is particularly so, only when
o wingle system of regioning is considered. In fact ono may obtain cstimates for
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numerically moro, but overlapping, regions whon, by using different principles, two
or moro systoms of regioning are lised. A8 an example, we may
cito the adequacy of even the smaller samples of tho initial rounds of the NSS, for
throwing up cstimates, not only for tho six Population Zones, but also for the five
Natural Regions, also cstablished by the (1051) Consus authoritics.

Yo vl
ously v

10, It is operationully convenicnt, end to somo extent technically desirable,
to ensuro that strata do not cut across tho regiona. When stratification variables
which aro not regioning variables, are availablo, it is desirable to proceed to stratify
in two stages. In the first-stage, basic strata nro obtained ns the “interscctions™ of
two (or more) systems of regioning, and then, the (non-regioning) stratification vari-
ables are utilised for sub-stratifiention. Elimination of stages may lead to difficulties.

11, Even when tabulations by only ono of two possiblo systems of regions are
contemplated, it may still bo worthwhilo to adopt the schemo of double regioning with
sub-stratification, if the eecondary regioning variables also happen to bo good strati-
fication variables in reapeet of the subjecta of onquiry. This is a method of keeping
a convenient provision for tabulation for an additional regional system useful for
rescorch purposcs. This idea was followed up in out design for the fourth round
(1052), s explained below.

12, In addition to tho six Population Zones, which were groups of States
tho Census authoritics also delincated five Natural Regions and fifteen Natural
Sub-regions, on tho basis of physical features, soil type, climate, mineral resources
ete. Theso Regions and Sub-regions cut across Stato boundarics. It was felt,
while designing the fourth round of tho NSS, that strata ehould bo formed ns to
cut neither across theso Natural Sub-regiona nor acrosa the Stato boundarics, Thero
were two main reasons for this. First, it was felt, that in addition to tho regions,
—Population Zones, —for which tabulations on a continuing basia had been nlready
contemplated, thero shoutd be somo provision for convenient tabulations by Natural
Regions, (each of which had a fair sized sample), for research purposcs. Sccondly,
the intention of using the Natural Sub-regions, as one of the intersccting systems of
regions, {tho other system being tho division into States), while obtaining the basio
strata, (which aro essentinlly the units called Natural Divisions by the Census autho-
rities), was to oblain more preciso estimatea for regions of both types — Population
Zones and Natural Regions. Population density, which was a stratifying variable,
was used subsequently to sub-stratify tho basio strata.

13.  Adwminislrative rs. nalural regions. Our experience shows that thero is
a tendency to favour adwministrative-unit-based regions to regions which are not so,
but are Lasically of a rescarch oriented type.  Thus, even though tho Natural Regions
wero expected, on general grounds, to bring out very clearly differences in consnmp-
tion putterns and houschold enterprises, it was not considercd important enough to
bo given preference over Population Zones, for actual tubulations ovon though
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such zones wero mere groups of States with really no scparato administrative or ope-
rational unity. One of the major reasons for sticking to a system of regions ia conti-
nuity; data in earlier rounds wero presented by Population Zones, and thercfore for
the sake of comparison over rounds theso zones were favoured. But continuity of the
series could not have beon the sole reason for this decision, as subsequent history would
show.

W, Modified set of population zones. The areasof the 1051 Census Population
Zones, alihough defined in terms of entire States at tho time of their formulation, ceased
to bo g0 later on duo to major reorganisation of States in India. The boundarics of
tho Population Zonea passed right across somo of tho reorganised States. Tha NSS
was faced with the choico b the planning and ion of data ding to
the initial delinention, or, to modify tho zones 80 as to fit in with States reorganisation.
Tho NSS opted for the second systom of presentation of data.  For survoy operations,
which were to bo earried out in closo cooperation with the goneral administrative set
up of Stato Governments, thero wero distinet advantages in making the field zones,
(for survoy operations), fit in with the gencral administrative sct-up; and, making
the stratification and tabulation correspond to the ficld zoning was obviously con-
venient.  The design did provide for not inconvenient tabulations for adjustment
to the other system, but such tabulations wero not actually made, and strict comparabi-
lity of regional estimates over rounds was lost. The sccond system of zoning was
considered, howerver, to bo more in keeping with “‘reality”, and therefore more useful.

15. Second st of regions—council zones. The Population Zones wero merely
o convenient grouping of States for presentation of data; and had no status as units for
policy formulation or action programme. Another system of grouping, which had some
such significance, camo into existenco later on. These were tho zones, five in number,
corresponding to certain Councils, sct up by the Centro, where ropresentatives of dnf-
ferent States, ituting any zone, Hy met for ltations on
of zonal nature. To ha the useful of regional estimates, the NSS u\\'itched
over to these fivo zonca in place of the older Population Zones.

18. Third sel of regions—elales. The NSS eamplo grew larger and larger in
later rounds, and produchan of usablo ecstimates for moro than five or six regions,
became a practical prop Tabulation of results for a larger number of regions,
(States nnd somo Unlon Territorics), beeame tho practice. It must bo pointed out
that treatment of States as regions was not just an incidental consequenco duo to
expansion of the samplo size, but, that expansion itself was mainly motivated towarda
producing State-wiso estimates, for which thero wero overwhelming demands with the
increasing tempo of dovelopmental activitics. Tho Statea as regions aro much moro
uvscful than cither of tho provious types of zones, beeauso tho State, which has

L ial amount of aut , i8 o very important unit for policy decision and plan
formulation and implementation, whereaa even the Council zono is merely a grouping
for occasional consultations,
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17, Steps leading lo increase in sample size. Tho major hurdlo in tho produc-
tion of regional statistics in a sampling enquiry is the limitation of samplo size, and it
scems desirable to give an account of tho steps takon to mecet this obatacle. Tho major
step, completed last, was the participation of the States on a matching basin; wo shall
speak about it later on (paras 27, 28). Thero wero two other principal stops which
were helpful, but, in what senso they contributed to the samyile size, necds some dis-
cussion. These steps were () lengthening of survey period of a round, and (b) increas-
ing tho subject or itemn coverage of a round. To appreciate the significance of thess
steps, it is necessary to remember that the NSS is essentially a continuing multi-
subject Burvey system, with more or lcss permanent wholo-timo field staff; a good
part of tho data being collected, is obtained by interviewing houscholders, In any
particular round enquiries on a specified set of subjects aro carricd out, usually in
different sets of houscholds in the samo visit to a samplo villago/block by the roving
investigator. Some of tho subjects aro being kept common in all the rounds.

18. Survey period and sample size. That a larger sample could be covered
Dby a fixed number of investigators (or enumerators) working for a longer period, is self-
evident. But, thero were some technical difficultica which had to be overcome before
full exploitation of this principlo could be made. Our initinl way of looking at things
had to bo carcfully reviewed. In tho first few rounds, not much attention could bo
paid to possible effects of different timiings of visits within tho survey period. But
a3 a precautionary measure, the length of the survey period or of the round was made
comparatively small, 8o that the effecta of such variations in timings might not be
large. This restriction imposed a limit to the samplo sizo manageable by a fixed
field strength,

19.  With the passago of time, greater and greater pressure was being put on
the NSS to provide for moro and moroe precise estimates; also, data for lurger number
of regions, the States, were demanded. The NSS yiclded more and more to such
pressures by lengthening the survoy period, beyond what was considered safo earlier,
to fit in with samplo sizo idered y. This undesirable feature of tho survey
plan was brought to the foro-front, during tho first serious attempt in the eighth round
to provido State-wiso cstimates, viz., thoso for land holding, to which a further refer-
ence would bo made in para 27. The survey period (round) had to be made longer than
that for any provious round in order to accommodato a larger sample.  Although al
the States did not come for regular participation on a matching basia in b
rounds, ono thing was clear that thero was no going back from tho idea of State esti-
mates, and in tho following rounds prolongation of survey period for larger samples
becamo necessary. A method, therefore, had to be evolved for controlling possible
Liascs duo to uncertainties in tho timing of visits during a long survey period.

20.  Use of short moving reference period. Thero would have been no difficulty
with the older eurvoy arrangoment if tho informants supplicd duta from records main-
toined by them. But this was moro tho oxcoption than the rulo, so that, tho data
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relating to a fixed calondar period or season would Lo subjoct to differont recall poriods,
and data relating to o rather old period were likely to bo less reliablo.  This question
of recall lnpse was souglit to Lo controlled by having a short moving reference period,
whose length was fixed but whose end-points were moving. The investigntors collec-
ted duta, for example, for the day, week or month immediately preceding the date of
their visit to a houschold.

21, Necessity of sub ls and space-lime rep i While the moving
reference period proved helpful in reducing the effect of recall lupse in a survey plan
with & long survey period there was another connetted problem with which wo had
to contend. With tho earlier survey plan, tho ficld organisation decided, according
to their operationnl convenience, as to the scquenco in which an investigator would
cover the samplo villages in the area to which ho was assigned. Tho part of tho samplo
covered in any sub-period (of the survey period) was, no doubt, well scattered through-
out the country, but one could not strictly claim that thia constituted a probability
sample for the sub-period, evon though tho totality of the sample villages, planned to
bo covered in tho full round, constituted a probability sample of villages. Our ob-
jective waa to sccure an unbiased average picture over tho entire survey period and
therefore, data relating to every sub-period should have to be an unbinsed sample
for tho sub-period. The total sample was unbiased in respect of space representation,
but dato failed to be strictly unbiased as regards space-timoe representation. How-
ever, with o short survey period, the distortion is likely to be insignificant. \With
a long survey period, on the other hand, tho distortions may not bo negligible. It
should bo noted that the whole-time investigator has to carry out the survey work
continuously in one place or another without any break; this possibly makes tho bias
much less than what might have been if tho investigator worked intermi 1y with
freedom in the choico of the period of his visit to a village.

22. The solution already hinted atin the previous paragraph, wasto break up a
long round into a number of sub-rounds of short duration, and then, chosoa probability
samplo for each sub-round. Once this is dono, one can, by increasing the longth of the
round, accommodate samples of any sizo. This system of sub-rounda has been in voguo
in the NSS for nearly ten years, The length of a sub-round is currently two months;
{smaller sub-rounds were also adopted in somo of the carlier rounds). Also, unlike the
carlier practice, tho fiold-staff are not all free to choose the order of visit to samplo
villages in a sub-round. The order is fixed according to the principles of probability

at the survey design stage. Thus, this devico mado tho sub.rounds, in effect,
smaller still.

23. Subject multiplicity and field strength, Increaso in the multiplicity of
subject coverage required additional inveatigation time, and thereforo with a fixed
investigation strength it needed lengthening of survoy period. Elaboration of any
subject of enquiry with the introduction of now items of information hnd also the samo
offcct. Supply of additional results itself created moro demand for data, and for
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moro preciso results, Elaboration of an old subject ot introduction of a now nub]cct
of enquiry, which is possible in a multi-subject survoy organisation, was id

a good ground by the autherities for sanctioning additional ficld staff later on.  And
as an investigator has to take up all the aubjects of enquiry simul ly in his visit
to a samplo village, thero was no question of setting apart scparato batches of investi-
gntors for difforont subjects. Thus, the inercase in tho subjoct or item covorago,
helped tho NSS to reap the benefit of i 1 number of investigatora for all tho
enquiries, and also for regional (Stato) estimates.

24, Subject multiplicity and sub-rounds. Multiplicity of wubject coverago (nnd
multiplicity of regions) initially augmented the difficultie: concerned with lengthen-
ing of survoy period but came ultimately to its rescue by inducing tho authorities to
sanction moro ficld staff. Possibly, tho systom of sub-rounds could not have been
introduced without further difficulty, if the NSS had not been a multi-subject survoy
organisation. This requires somo claboration. Here it should be pointed out that the
introduction of sub da introd greater travelling by the investigators, becauso
they havo to cover the entiro arca in every sub-round. This may not bo a feasible
proposition, unless the investigation zone, (that is, the area to bo covered by an investi-
gator), is sufficicntly small. Now, in our current system, tho geographical stratum is
mado the investigation zono of an investigator in tho rural areas. (In practico in every
investigation zono four investigatora are posted, two belong to the Central stalf and the
other two to the State staff). This means that the sizo of thoe investigation zones is
inversely proportional to tho total number of investigators. With increase in field
staff duo to i d subject multiplicity there was d in tho size of investigation
zones, This in turn cnabled implemontation of tho schemo of sub-rounds, which was
not feasiblo earlier.

26. Sub-rounds and seasonal variation. It mny be mentioned, in passing,
that the need for lengthening tho round was also felt on other grounds. Tho economy
depending as it is on agriculture mainly, is quite 1, and to eliminate the |
effects, it is desirablo to averago over a full year. Thus, in later rounds the length
of a round was made ono year, coinciding cxactly with, what is known ns tho agricultural
year, (July-June), in India. At tho samo timo there must bo provision for scasonal
cstimates, and the scheme of sub-rounds met this point.

28. Subject multiplicity and sampling cfficiency. Increaso in multiplicity
of subject coverage, made a direct contribution to the increase in sample size. Savings
on common operations like journoy, arrangements for boarding and lodging, houschold
listing ete., could bo utilised for incrensing the sample. It could also make an indirect
contribution which, in effect, amounted to an increaso in samplo sizo. This flows
really from certain features of tho concurrent multi-subject survoy system, To under-
sumd tho position, ono must realiso, without going into greater technical details, that

gration of di enquiries enabled the survoy on different subjects to Lo spread
over & very much larger number of sample vilinges, than what would have been possible,
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with the exponditure of the samo resources, if tho subjects wero taken up separately
by diflerent batches of investigators. It is also known that a houschold samplo of
given size spread over a larger number of villages, is equivalent to a much larger sample
of houscholds sprcad over a substantially smaller number of villages. Thus the multi-
subject system indirectly helped, in effect, to inerease the samplo size.

21. State parlicipation, Perhaps tho most offective step was to convince,
and then, to encourago the States about the worthwhileness of spending somo of their
resources, in augmenting tho samplo sizo to help production of reasonably preciso
Stato catimates. Tho first opportunity for such a joint effort came when India parti-
cipated in an inteinational effort, via., Tho Wnrld Agriculturs] Census in the 1950%.
Being predominantly an agricultural country, and noting the importance attached
to it by tho Food and Agriculture Organisation of tho United Nations, all tho State
authoritics considered it worthwhilo to join handa with tho Central Government
in the survey of agricultural holdings, on a sample basis. In tho cighth round (July
1954-March 1055), tho NSS Orgnanisation of the Government of India collected data
from some samplo units and tho States collected data on additional samplo units,
which were, howorer, tabulated by tho Central agency.

28. Whilo the outcome of this action no doubt gave concrete evidenco of the
valuo of joint effort, it was somo time, beforo the majority of the States came in for
regular participation in the different rounds of the NSS. The Centro encouraged the
States in their participation by meeting a part of their survey costs. This encourage-
ment immediately bore fruit, and from the 9th round (1955) two of the biggest Statesin
India started participating in the NSS on a matching basis. The gencral plan is that
a State should canvass in a snmple, which is drawn in exactly tho samo manuer as the
sample covered by tho Contral agency in that State. Tho Stato follows the same
concepts, definitions and methods, and processes their own data indepondently, but
adopts identical estimation procedure, The Stato samplo is usually of tho same size
as the corresponding Central samplo. The State, however, is frco to have a samplo
size which is any convenient multiple of tho Central samplo size for tho Stato. Such
freedom has been exercised by somo of the States from timo to timo. This docs not
mean that the State has to augment its samplo sizo for all tho subjects canvassed;
it can do 8o for even one subject only. Thero aro two aspects of this arrangenent.
It mects the point that the samplo sizo for a State, which is reasonable for national
estimates only, may not Lo #o, for Stato estimates. And what is moro, it is a test
whether tho pormissible error demanded by a Stato ia really essential; that is, whether
the Stato considers it 8o important as to incur extra cxpenditure for increasing tho
snmplo to o sizo which is in conformity with the permissiblo error specified by hor.

29. Changes in sample allocations for slule estimales. It is trus that the
States aro vitally interested in tho estimates relating to their respectivo States.  But
the Centro is also interested in such eatimates; and, therefore, it is only proper that tho
responsibility for obtaining preciso Stato estimates should not Uo loft ontirely to tho
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Stales. Morcover, all tho States did not join tho NSS simultancously. But once
it was realised that in addition to national cstimates State cstimates are to be produced,
we did not wait for a particular State to join, but quickly started alteration of field-
strength and thereforo of sample sizo in the different States, 80 that oven if preciss
estimates uro not obtninable, tolerably useful onea would be, at least of some impor-
tant characteristics. Tho change was in favour of the smaller States. Scope for
adjustment without discharging any one was possiblo due tocxpansionin ficld strength
and nlso to some turnover everywhere. In a survey organisation, where greatest im-
portance is attached to tho accumulation and exploitation of tho experience gained
by individunl investigntor (or cnumerator), nothing can be moro undesirable than
terminating the services of a competent and experienced investigator in ono State,
while making recruitment in another State of a now-comer, transfer being usually
not possible due to languago difficultics. Tho process of chango-over was therefore
gradual. At present in a single round no Stato claime lesa than 1000 sample centres
(villages and urban blocks). Tho biggest State (Uttar Pradesh) has about 3200 such
centres,

30, Stale parlicipation and comparability, validity and reliability of results. The
Central Government sought the cooperation of all States, not only for increasing the
samplesize, but for other weighty reasons also. InIndia the constitutional set-upissuch
that, in many subjects, the States are more orless independent in the matter of collec-
tion of statistics. Ono major purpose of the production of State estimates is to ensure
the availability of comparable data, and, therefore, the matter of coordination between
States becomes rather erucinl. It is not merely a question of coming to an agreement
about uniform concepts, definitions, data collection procedures, and set of end results,
in case the subjects under consideration are taken up by a State; but, one has to ensurs
that such investigations are actually taken up by tho States. One has also to ensure,
that the various States tako up simult ly tigations on the samo subject,
80 that the individual results relato to tho eamo time period. The NSS with State
participation cnsures all tho above rcquirements.

31, Anotherimportant consideration, in a scnse more important, which hasdie-
tated the participation of tho States in tho NSS, is related to the question of validity and
accuracy of results.  Keeping the question of accuracy in mind, a survey organisation
(NSS) with permanont wholo time ataff with adequato supervision at overy stagoe, was
visunlised. Evon taking all theso precautions, in o large scale survey ono needs somo
cevidenco that the work has beon done under propor control. Such evidonces aro thrown
up by the data thomsclves. e havo proviously montioned that the State authoritics
and Central authorities obtain and process the data indepondently, and therofors two

plotely ind dont aro available, —ono provided by the Centro and tho
other by tho Stato. In fact, tho Centro s well ns the States cach provides (nt least)
two catimates for tho samo characteristics, the data, relating to two sub-samples, being
obtained for ench ngonoy by two differont batches of i ig Theso
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enablo us to asscss tho margin of uncertainty and tho quality of data. If thero is
much divergenco between the two estimates thrown up by the different agencies, then
there is @ priori reason to doubt tho quality of the results, and an investigation is usually
made to detect the causcs of this divergence. It has not been an uncommon experi-
ence to discover the existence of some processing crrors, and sometimes faulty under-
standing of the instructions, and cven faulty instructions themsclves. Finally, the
participation of the States helped to draw up a more uscful programme of work, becauso
the Stato requirements and prioritics have better chanco of being appreciated with their
participation. Also, their experience and suggestions havo been of considerable help
in improving the survey plan.
MEDIUM B1ZED REGIONS

32 Z griculiural labour enquiries. Wo have already given an ac-
count of our cflorts leading to Stalo estimates, and wo shall now confine our obser-
vations to sub-regions of States that is, regions within States. Tho first all-India
attempt at such regional estimates in a samplo survey was made in the First Agrieul-
tural Labour Enquiry (ALE). 1000-51 It was found ndvantageous, both from

dministrative and statisi derati to divide ench major State into a faw
homogencous zones for tho pnrposcs of the enqmr;. The zoning was carried out on
broad agricultural and ns tions, and on tho basis of judgement and

knowledge of tho State officers concerned, like the Directors of Economics and Statis-
tics, Dircctors of Agriculture, Directors of Land Records ete. The country was
divided into 76 zones. Whilo tho zonc in a fow cases cut across district boundaries,
they wero 80 demarcated as not to cut acroas fehsil boundarics.

33, The Sccond Agricultural Labour Enquiry (1056-57) was conducted by tho
NSS Organization of the Gov of India, and by only four participating States.
Tho country was ultimately divided into 38 zones by suilably combining tho 75 lst-
ALLE zones, This combination was considered desirable so that tho samjple sizo may not
bo too inadequato for a zone. The average population of o sccond ALE zone was some-
what less than ten million. The averago number of samplo villagea per zone (oxclud-
ing tho sample covered by participating States) wna nearly 03 against 11 in tho first
ALE, and the I3 bers of sample houscholds (with a singlo visit by tho investi-
gator) wero mora than 200 for enquirics on consumer expenditure, and about 550
for employment, agninst the earlier sizo of nearly 150 (with monthly visits) for cither
typo of enquiry. The minimum number of enmplo villages in a zono was 40 against
2 in tho carlier enquiry. Being part of n multi-subject survey, it was cconomically
feasiblo to spread tho sample agricultural labour hoscholds over a larger number of
villages, and this helped to increase the precision.

34, Regions—lundholdings enquiry. Tho sccond occasion, whon rogional
estimates wero planned for, was in connection with tho World Agricutural Census
around 1060. Tho Government felt that it was an opportunity for obtaining regional
estimates. In consultation with tho States and concerncdd Contral ministries n aystem
of 48 rogions, obtained by grouping of districla, was ovolved. 1Hero tho starting point
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was tho sct of Nntural Divisions defined in tho 1031 census (para 12). With some
modifications, mado mainly on the basis of latest availablo information an crop pattern
and population density and gome genernl knowledgo of competent persons in the States,
the final regioning schemo was reached.  Fullest advantage was taken of the States’
participation in the NSS. In a region there wero on tho average about 300 samplo
villages and 4000 samplo houschiolds.

35.  Need for pooling over vounds and years. Tho first timo when a delibe-
rately planned attempt was made in the NSS to combine the data for two successive
rounds, was in tho Sccond Agricultural Labour Enquiry, 1056-57. To increaso the
samplo size, different sets of villages wero selected in the two rounds, which were each
of six months’ duration. Another reason for combining, was to secure a picture aver-
aged over a year, beeause of scasonal nature of employment in agriculture. Important
items on which zonal estimates were provided were annual income per family, consumer
expendituro per family, average number of days employedfunemployed, average
oumber of days worked as casual labourers in different agricultural operations in a
year, eto.

36. Tho idea of enlarging the samplo by extending the survey period even
beyond one year, was actually implemented in connection with regional estimates for
tho landholdings enquiry, 1060-62. A large samplo waa needed for regional estimates,
but a temporary increase in field strength for this purpose was not desirable. It was
decided, therefore, to depend entirely on the regular experienced staff, and spread the
sample over the two consceutivo rounds, 16th and 17th, cach of one year's duration.

37. Standard regions and multi-subject surveys. There are obvious interpre-
tational and other advantages in having a variety of data on several related subjects
tabulated according to a singlo system of regions. In a multi-subject survey, where
several subjects are taken up simultancously in a round according to an integrated
sample design, the use of a common regional system for all the subjects is almost auto-
matic. And if we could stick to identical common regions, round after round, then the
results would bo more uscful. This we have been striving to achieve for a fairly long
time. Considering the fact that the country is basically agricultural, and that the
regioning characteristics, used in tho 16th and 17th rounds (1960-62), were of a general
nature, and also remembering that this NSS region aystem has received tho approval
of various State governments, it was felt that this system of regioning might bo adhered
to in subscquent rounds also. Wo have been able to hold on largely to this NSS
system for the next two rounds.

38. Our ability to stick on ta tho samo regiona for threo consccutivo rounds
has proved to bo rather fortunato, as oxplained below. Thero havo been instances,
whero the need for regionnl estimntes was felt subsequent to tho completion of a survey.
Tho latest instanca is the one, whero the Planning Commission require data to study
the regiona! disparitica in connection with the formulation of the Fourth Plan. Tho
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NSS regions, established earlier, proved handy, and are being utilised for this purposo.
Use is boing mado, not only of the 16th and 17th round data on land holdings, which
motivated the NSS regioning, but also, of the 18th and the two carlier round data on
household consumption and employment. Tlicse regional results are expected to
throw some light on relative levels of living.

39.  Our attempts at standardisation have however been only partinlly success-
ful. In fact considerable pressure is now being put on the NSS by some of the States
to alter their regions. Also, subscquent to NSS region formation, the Resources and
Scientic Research Division of the Planning Commission havo proposed after very cla-
borato studies a system of Resourco Development Regions and Divisions of India.
They recognizo, that for certain planning purposes, this system may not bo appropriate;
but they fecl that, for a large area of planning, acceptance of their schemo would be
a great advantage. The schemo is based on ideration of physical fact top
graphy, eoil, geologic formations and climate; and agricultural land-use and cropping
pattern. Thero are fourtcen Regions demarcated mainly on physical factors; most of
them cut across different States, but the Divisions which are fiftyseven in number
do not. In forming Divisions account has been taken not only of physical conditions
but also of agriculture. Regions and Divisions have been formed by grouping dis-
tricts. Wit the availability of further statistical information, and the suggestions of
various interested bodies, including the above regioning of the Research Division of
the Planning Commission, the question of NSS revising its regiona has arisen. Only
time will show to what extent the revision (yet to be decided) will last.

40. Need for objeclire methods in region formation. It is very difficult to
arriveatenduring imity in a multi-ag Iti-subject survey eystem, in spite of
the fact, that thero is a general appreciation oftho value of sticking to a single standard
system of regioning. This is not unexpeeted; tho regioning partly depends upon the
purpose for which a particular agency wants tho regions at a particular point of time,
and partly on the experience and judgement of tho individual who represents the
agency on a particular occasion. Diflicultics arise in matters of details, like number
of regions, and their exact boundary specifications. It should also bo remembered
that regioning not only depends upon the subject of interest, but also on the level at
which one is formulating a policy or evolving an action programme. I think, it is
important to minimiso the subjective element in the formation of regions by laying
down well-thought-out objective procedures.

41, Choice of units for regional grouping. o shall now concentrato on dif-
ferent aspeets of the problem of formation of regions. The first question to be decided
is tho typo of unit (territorial division), which should bo grouped together to form a
region. Information on tho geographic position of units is essential; for, tho region,
as ordinarily conceived, must bo a geographically compact area. But in order to make
a rational choice among innumerable possiblo systems of subdivisions of a Stato into
geographically compact clusters, one must have somo useful information, regarding the
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units to bo grouped into such clusters, Keeping this point in view, ono can think
of three important types of unita in India : (a) district {population more than a million
on average), (b) fekeil (populntion about 150,000) or (c) villago (population 600 on the
average). Recently, the entire country has been covered by Community Dovelopment
Blocks. As units, theso are as yet not quite suitable beeauso of lack of readily avail-
ablo and dependablo data for each such block, roughly half of a tehail in size on tho
average. Insistence on using theso blocka as units may grow in future.

42. It is not at present a feasiblo proposition to think of paying individual
attention to the village particwars, (thero are mora than half a million villages in India),
for tho formation of medium-sized regiona. So, we are left with tho choice hetween
tho distriet and the fehsil, which are much more fundamental than the village in the
administrativo sct-up, Also, more statistical and other types of information are
readily availablo for theso units.  Thero are advocates for cach of these types of units.
Thoso in favour of tho district arguc that it is more important, being higher up in the
hicrarchy of ndministrative divisions of the Statcs, and somewhat more information
(for purposes of grouping) is readily available; and, therefore, it has a greater claim
for consideration as the building unit of the regions. The opponents argue that the
district is much moro heterogeneous than the lehail.  Also, the latter, being more
numerous, offers a greater acopo for construction of moro homogencous regions.

43. Types of regions. Even if the question of the building unit is resolved,
we would be still left with a number of difficult questions. Wo have first the question
of choice between tho two types of regions, which seem to have gained some recog-
nition—(a) tho homogencous and (b) the functional or nodal. The first takes cogni-
zance of the similarity between {adjoining) units, and the second, the strength of func-
tional relationship between units. Sub-division of the entire country into nodal
regions may bo practieally ruled out; because in India very little statistical information
is readily available on the various types of flows or transactions between any two suffi-
ciontly small units, except to the minor extent described below.

44. The NSSinvestigators and supervising staff have had several years’ experi-
enco of travelling, from a random village in ono tehsil to another in a different tehsil, and
are in a position to assess the difficulties involved. Statements, showing their assess-
ment of the different degrees of difficulty or enso of travelling, were obtained for each
pair of adjoining fehsils. Also, their asscssment of the relative easo of movement
from o given lehsil to all the adjoining fehsils wns obtained. Strata formation, by
grouping contiguous chsils, took the caso of travelling as one of the eriteria for group-
ing, and regions were formed by combining a few strata.  The stratification and region-
ing were functional to the extent tho easo of travelling reflected tho strength of eco-
nomi¢ bond.

45. Concepl of “closeness™ and principle of regioning. Whatever Lo the con-
coptual differenco betweon the two types, as an exercise in formation of regions, the
differenco is probably not 08 much, One has first to deviso a suitablo measuro of the
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“closencsa™ between the two units; in cnso of homog! regions ¢l
tho degreo of simiturity Letween, and in caso of the functional or nodal region “closo-
ness” mensures the volume of fow between, or tho strength of the bond connceting
two units.

48, Measurement of tho “closeness™ or "“distanco™ between two unita has two
aspects.  First, one has to enunciate the principles on which the choico of the characters
or transactions for consideration of "cloxcncss” is 10 Le based and secondly, one hay
to improvise a composite yard-stick, for mensurement of “dlistanco”, when more than
one character or item aro selected.

47. Evenwhen thesbove questionsaro resolved, onc haa to evolve a meaningful
objectivo procedure of determining the number of regions ond delincating their boun-
daries.  For a prescribed number of regions, one reasonnble principle would b to pick
up that system of regioning which minimises the sum (simplo or weighted) of the
“inter-member distances™ of all such pairs of units, whoso members belong to the same
region; that is, choose the one which maximiscs the sum of the “inter-member distances™
of all such pairs of units, whoso membera belong to different regions. Somo simplo
proceduro is to be evolved for arriving quickly at the desired system of regioning.

48. Hierarchy of regions. The following  gives a process of sctting up o
hierarchy of regions which ia invariant under any order preserving transformation
of the chosen measure of “distance or closeness”. Wo shall, for the sake of simplicity,
agsumo that no two pairs of adjoining units have exactly identical “inter-member
distancea” between them. With any such pairs the only modification necessary in the
procedures deseribed below is simultancous removal of, (or erection of barriers along)
the common boundaries of such pairs. First we work from the maximum number of
regions, viz., tho total number of units, each regarded as o region, to gradually smaller
number of regions. First, remove tho common boundary Letween the two "closest”
units; wo get now o sct with ono region lers.  Next apply the same procedure over and
over again, By ing the requisit bounduries between tho “closest”
regions of one set, we arrive at the next set in which the previons sct is embedded.
The resulting hicrarchy of rogions is completely “structural”, and after the choico
of the ycard-stick for measuring “closeness” nothing ia left to judgement. It will bo
noticed that the “'slope™ or “chango” botween two adjoining units belonging to ad-
joining regions, of any stage in the hierarchy, is more nbrupt than the “slope™ between
either of theso units and eny of its adjoining units (not d by an d
common boundary) belonging to the samo region.

49. Ono can also start from the opposite end, by erecting barricrs across the
common boundaries. \Wae suppose that tha entire country or State, which ia being sub-
divided, isalrcady walled up. Hero, wo start from the boundario between adjoining
units which are “furthest” from each other, and then the noxt “furthest” boundary and
80 on, until wo have o region enclosed fully by barriers. At tho moment of completing
an enclosure, there may bo somo odd or isolated buarricrs not enclosing any nrea.  We
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procced next to form other regions or sub-regions by continuing tho samo process.
Perhaps, the most significant scts of regiona aro those, which divido the country or
Stato into a small number of sub-givisions. Thus, the most significant sets appear
in the first few stages in tho above process of regioning. In tho provious mcthod they
appear last. It is worth noticing that members of theso sets are largo on the averagoe,
but they may have very unequal number of units, and may be very disimilar in shapo.
Among the regions corresponding to diferent stages of the heirarchical system special
attention might bo deserved by thoso (particularly the ones, if any, with small number
of regions), with not even a singlo barricr which docs not form part of a completed
enclosure,

50. It will bonoticed that at any stago of the hicrarchical system, the number,
size and shape of regions are automatically fixed. These regions are structura), and
cach can bo considered as a single organic unit like the eatchment area of a river, the
water-shed being the boundary, Tho regions obtainable by tho method given in
para 49 perhaps approximate most closely to “catchment arcas™ when greater
‘“distance™ stands for smaller volume of “flow" between units. Strictly, it should
be that stage of hicrarchy, where the “flow” across the border is really marginal.
Finally, it would appear desirable to give regional cstimates for all tho important
stages in a hicrarchical aystem.

5l Hel and functional regions. Thero is some evidenco in the
literature to show that the boundarics of nodal or functional regions cut right across
those of homogencous oncs. It would Lo interesting to examine the circumstances
under which it is useful to have the most heterogencous system of regions, which
naturally cut across the homogencous ones.  Heterogeneous regions ean bo obtained by
the principle enunciated in para 47, with the words 'minimises’ and “maximises’
interchanged, Such regions are also obtained in the manner described in paras 48
and 49, with the alteration that merging takes place where a barricr was erected, and
vice versa. (It is supposed that “distanco™ or “closeness” has referenco here to simi-
Jarity between units and not to strength of ic bond). If dissimilar units are
moro likely to be functionally related to one another, then heterogencous regions are
likely to appronch the functional ones. Whether to use homogencous or heterogencous
regiona depends upon the purpose. It will he noted that the collection of homogencous
regions is more heterogencous than the oollection of heterogencous regions. (Hetero-
gencous clusters are usually to be preferred in cluster sampling).

52. The commoner type of regiona. In the type of region which is commonly
used, the region is not itself so much a natural unit, but a collection of smaller units,
the regional boundaries having a certain amount of artificiality. And some modi-
fication of the boundaries, or even in the number of regions, may not chango the essen-
tial character of such regioning. Theso 7 t smaller units aro held together
by virtue of geographieal compactness, and certain amount of homogeneity (or ocea-
sionally by strength of cconomio bond). The administrativo divisions of a country
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can bo considered as an intermediato typo of region.  An administrative division must
certainly be considered as o singlo unit for purposes of administralion, but it has
otherwiso a certain amount of artificinlity in tho boundarics, Action unils, like
the smaller administrative divi necd not necesaarily be suitable as units of plan-
ning. Some typo of ) g regions constituted of districts have
been actually proposed as planning unita (para 39). The uxo of “structural” (homo-
geneous or otherwise) regions as planning units descrves consideration. Whether
any particular typo of strictural set of regions would serve a varicty of planning needs
is diflicult to say without close examination. Perhaps, all types of structural regions
have their uses.

53. 1f homogencous regions are formed by grouping contiguous action units,
then action-takers or policy-makers, in tho absenco of ecparate figures for the
respective units, sometimes assume as a first approximation that the characteristics for
any constituent unit are very similar to thoso for the homogeneous region as a whole.
It ia difficult to say to what extent this assumption is justified. In this connection
ono must remember that for such use the idea behind the formation of homogencous
regions may be, not just to cnsure uniformity (or rather 10 control heterogencity) in
respect of the characters for which prior information is available, but also to sccure
uniformity to the extent possible in respect of the items which are not taken into account
in setting up tho regions, and which arc (usually) to bo estimated by a survey. If the
regioning characters were extremely highly corrclated with theso items then one
should try to achieve maximum homogeneity in respeet of the regioning characteristics,
by giving up the restrictivo condition of geographical compactness. In other words
the idea of formation of regions, as ordinarily understood, may have to be given up.
But this is rather an exception than the rulo; tho correlation may only be rather mild,
if not low. If the characteristics to be estimated, happen to be those, which are such,
that contiguous areas aro likely to bo more similar in such characteristics, then conti-
guity is an important factor also to bo taken into consideration. Thercfore it appears
desirable that a large area, even if it be homogencous in respect of the regioning charac-
teristics, should bo sub-divided further into smaller compact areas for separato esti-
mates. But what area should bo considered too large requires special atudy. On the
other hand, if the corrclation over space is low, and the relationship with the regioning
characteristics only mild, then there may not bo much point; in fact, it may be rather
undesirablo to have too many regions.

34, Conlinuing survey and district estimates. We have g0 far been concerned
with tho construction of regions, which are groups of districts (or fehsils). e may
now consider the possibility of treating the district itself as a region. Thero is now
a demand for data, separately for ench of theso administrative divisions, moro than
threo  hundred in number. The urgo for dintrict statistics has beon inerensed by
tho participation of States in the NSS. Tho district wns certainly to small a
region (population of somewhat moro than a million on tho averugo), for which NSS
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could hope to produce usablo estimatew for any of ita carlier rounds with ita small
ficd strength at that time, With the passago of timo, however, thero has beon gradunl
expansion of trained and experienced ficld staff.  And we have perhaps reached a stago,
whero with about 16,000 sample villages and 9,000 sample blocks in a round, it is not
impossible to think of district estimates showing the conditions averaged over a few
years (rounds). There are, however, two conditions which, fortunatley, are not im-
possible to fulfil in a continuing survey. We have first to ensuro tho continuing col-
lection of informntion on some key items. Although no policy decision has yet been
taken, there is some possibility of continuation of tho NSS “Iutegrated houschold
achedule”. This trics to give an integrated picture of tho houschold activities and olher
particulars. It covers demographio and housing particulars, houschold

and enterpriso particulars, migration and employment details, cte. At tho same umc
there is some possibility of continuation of collection of statistical and other information,
relating to the villago/block in which the sample houschold resides. Tho second condi-
tion is that there should bo replacemont, at least partial, of sample villagea and blocks
over rounds, so that the elfectivo sample sizo, after pooling of rounds, becomes sub-
stantial for a district. It is truo that district estimatea would involve waiting for several
years, but this is a necessary evil with which we are t 3, when one b
about the district population data provided by the population census onco in ten
years

55, Value of roundwise compilation of district and tehsil figures. 1 feel that, for
more than one important reason explained in the noxt paragraph, complication of round-
wiso district and even tehsil figures a8 a routine matter, should be given scrious thought,
in spite of the fact that estimates for any single round are likely to have large sampling
errors, particularly for a small region like fehsil. To make such & schemo of reasonable
dimensions, ono cannot think of a full-fledged tabulation at such small territorial levels.
Very careful sclection of a few iters, which ean bo regarded as indicators, is to bo made.
The (summary) information, viz., nggregates of all houscholds or other units in a district
or lehsil should bo suitably transferred (to punched cards) for tabulations a3 and when
necessary,  For tehails, with our present sampla sizo, thero may not bo much seope for
summarisation. But for districts ono can think of summarisation, and thereforo,
ono can possibly think of including a large number of indicators.

66. This schemo serves soveral purposes, ono of which has already been
indicated carlier, viz., obtaining district estimates by pooling the data of a few consecu-
tive rounds. And onco such estimates aro availablo, ono can utilise them for setling
up good district-groups, to bo treatod as regions for every subsoquent round.
Thero is another very important practical application, for which waiting for soveral
rounds is not at all nocessary, It has beon pointed out earlier that different partiea
may bo interested in different systoms of regions, (district or lehsil groups), depending
upon the subject and also upon the purposo for which reaults aro roquired, and NSS
being in tho main o goneral purposo survoy, tho samo goneral indicators might Lo
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considered useful for different purposes which requiro differont regioning systoms.
Obrviously, region estimates (using ralio cstimators, if suitablo), can bo built up from
district/ichsil indicators, if already complied. Also, theso indicators would prove
to bo an admirable materinl for research work on the uscfulness and relative morits
and demerits of different systems of regioning based on non-NSS regioning data.

57, Value of systematic village[block sampling. Beforo passing on to a com-
pletely different kind of use of district and fehail figures, it may bo stressed
that we have distributed tho samplo villagesfurban blocks in a manner, which is
expected to reduco the uncertainty in the incidenco and in tho number of sample
villages/blocks falling in a specified district or fehsil. To maximiso the number
of Ichails having at least ono ramplo village/block, we havo adopted a systematio method
of sclection within every geographical stratum, in preferenco to non-systematic
methods, without, however, violating the desired probability of selection of a village/
block. A siratum is comprised of n number of fehisils. Theso lehsils aro first arranged
in & “scrpenting” manncr so that contiguous tehails also appear as such in tho list of
tehsils. Tho villages within a tehsil, as given in tho framo, are not infrequently arranged
in a similar manner. Then villages aro drawn with probability proportional to size
(roughly proportional to population), but in a systematic manner with a random start.
Our current sample of about 16,000 villages is broken up into four sub-samples, and
there are some 3,000 sub-divisions like tehsils, 0 that all ichsils, with possiblo excep-

tions of some very small ones, are rep d in every sul plo. Theso minor
tehails are to bo suitably combined with adjoining ones to form modificd leh.nh, g0 that
cvery tehsil (modificd if y) is rep d in cach sul plo. Systemati

sampling moximises the number of such fehsils and thereby enhances tho Gexibility
in tho formation of regions. For sclection of urban blocks, the towns within a geo-
graphical stratum aro arranged by means of livelihood pattern, and then systomatio
samples with random start aro takon.

88. “Estimation” of region boundanu. Now wo como to a completely
different approach to the problem of regi Here wo do not rcgnrd tho boundarics
of regions as given for uso in survey tabulation, but ider dotermination of such
Loundarics, on the basis of survoy data themselves, as ono of tho objectives of o round.
1f & method of sanplo delineation can bo devised, then ono can obtain region maps for
any item (or groups of items), datn on which aro being collected.  Ono poasiblo method
is as follows: Wo decide on the unit (district/tehail) to bo grouped and also decido
on tho appropriato mensuro of “closcncss™, Wo then chooso a suitablo proceduro of
forming regiona In a purely objective way from among the methods outlined enrlier.
Accepting tho samplo estimates for a unit (district/lehsil), ono applies tho above proce-
duro and arrives at the region boundaries. To got a visual idea of tho margin of un-
certainty in the delineation of boundaries, ono repeats tho aame proceduro for cach ono
of the Interpenetrating sub-samples into which tho NSS data aro boing colleeted and
tabulaled. Tho “distortions” of theso sub-samplo boundaries from the total-samplo
boundnrics, provides a visuul nicans of assessing the uncertainty. Tho valuo of this
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method is yet to bo fully assessed. Incidentally, with our present samplo size, use of
fehsil duta may not be suitablo for tho above purpose.

60, Jso-lines aa region boundaries. Another, but similar, method haa reccived
some experimental attention. Prico quotations wero obtained from some 700 “points™
scattered all over the country every week, and iso-lines in the manner of constructing
them for meteorological obscrvations wero obtained for tho sub-samples in nddition
to those for the totnl sample. Difficultica in the interpretation of the maps arose
beeause of the unconventional nature of the wholo approach. Studies and training
in reading such maps are nccessary. It will be seen from the next scction on small
regional centres, that NSS ia colleeting a variety of data at several “points,”—villages
or towns,—and somo of them may bo amenable to iso-1ine trentment.

SMALL REOIONS

80. Villageftown slatistics. \We shall noxt explain the role of the NSS in
respect of regional statistics of very small arcas, namcly, villages and towns. In
India there are more than half a million villages and nearly three thousand towns.
The most tanding statistical publications on such localitics aro the district census
handbooks showing, among others, tho population and number of workers with dif-
ferent mcans of livelihood for each villago and town. There is some unpublished
information, e.g. at tho instanco of tho NSS tho Census authoritics compiled village-wise
data on number of small industrial establishments.

61, Obviously, it is not possiblo for the NSS to produce estimates for cach and
every unit liko villuge or town or market. DBut with an extensive permanent field
organisation it is particulurly suited for periodic collection of data from a fixed but
Limited sct of points randomly scattered all over tho country. In fact, monthly serics
of price data are being produced in every round by tho NSS for the same set of more
than four hundred rural marketing centres acattered throughout tho country. Being
combined with other activitics of tha roving investigators, tho cost of prico collection
is only marginal.

62. We havo already pointed out that tho NSS is at present covering o very
largo number of villages (about 16,000) in every round. Therefore, in principle, there is
no difficulty in collecting and publishing data for ench of these villages, and in the
course of scveral rounds tho number of villages covered would Lo considerable. As
for urban centres, all tho largo and mediwm-sized towns and a substantial fraction of
very small oncs aro visited in each round, and thereforo In principlo, it Is also possiblo
to produce suitable annual data for ench and every town with somo exceptions from
among the smaller ones.  In practico, as far as the urban sector is concerned, data aro
at presont not being collected for the town ss a whole, but only for tho urban “Ulocks™
which full in tho sample. For the sample villages, a large varicty of data is being
collected.  Tho NSS has, at presont, no plans of publishing theso individunl villago
stntistics.
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63. Summary piclure of villaye conditions. Now, although the NSS cannot
hopo to produco information for each and every village in the country, it can none-
theless present summary pictures of the village situation for States or other large
regions; e.g., NSS can estimate the proportion of villages with a school, or the pereent-
age distribution of villages by distanco (ranges) from ncarest medical practitioners,
Such summarica aro very important for better comprehension of the vilage conditions
in any particular area, and by studying these features over rounds, one ean assess
the effects of the developmental activities,

64. Villagefblock data at marginal cost. It is nlwaya possible to obtain sum-
mary villago statistics of the above type on a sampling basis, provided the sample
villagea are sufliciently largo in number, and there is an adequate degree of scattering
of these samples over tho State or other approprinte region. The main difficulty
therefore is the limitation about the resources. However, because of its peculiar nature,
tho XSS can produce villnge (or block) statistics at a marginal cost. The main reason,
why the NSS ia in a position to produco sufficiently precise summary village data at
a marginal cost, ia because of ita multi-subject, multi-purpose, multi-agency and conti-
nuing nature. Tho NSS is collecting on a continuing Lasis detailed information on
o varicty of subjects. In conncction with theso detailed enquiries, the whole-time
permanent roving investigators have to visit a largo number of villages and towns,
and have to incur substantial expenditure on journey. In addition, they have to spend
a eizcablo portion of their timo in the listing of households in the samplo village or
block, for the preparation of the sampling frame to bo used for sub-sampling of house-
holds for theso enquiries. How these activities help collection of village statistics at
marginal cost is explained below.

65. Two classes of village dala. There are two classes of village/block
data which are being collected. The first can givo the distribution of different types
of village communitics, as judged from thoe characteristics of tho resident houscholds.
The basic data aro Leing collected at the houschold listing stago. The data collected
during this stage varica to some extent from round to round. These houschold charac-
teristies are houschold size, number of couples, period of etay in the village, household
enterprise, major and minor source of incomo, size-class of land holdings, wage earning
houschold or not, number of unemployed persons, number of handicapped persons,
ete. For the above type of information the expenditure on data collection may bo
considered to be nil, as far as production of village statistics is concerncd. It is truo
that the investigators have to spend somctime on the collection of various items of
information listed above, but such information is required bnsically for purposes of
stratification or phaso sampling of 1 holds for the detailed enquiries on consumer
expenditure, houschold enterprise, employment cte. In other words, even if thero
WCTo NO prog for obtaining y information relating to villago statistics,
theso data would have been collected. Incidentally, collection of theso ancillary
information involves an addition of only about two porcent of tho total investigation
timo over tho tima required for simple listing.
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68, \We now como to the sccond class of village etatistics, which are in a scnse
more important, Theso aro not connecled with tho housochold particulars, but relato
direetly to villago characteristics. Examplea of the typo of data which are being collee-
ted aro as follows : distance of village from the nearcst metalled road or bus stop or
market or town, doctor or midwife, sehool and publio library; number of studenta and
teachers in various types of schools located within the village; source of drinking water;
availability of irrigation facilitics; wages for various types of agricultural work; exia-
tenco or otherwiso of non-houschold economie activitics lika cooperatives, joint stock
company ete. Tho time spent on the collection of this typo of village statistics amounts
to only sbout four pereent of the totnl investigation time taken for all the subjects
in the multi-subject NSS system.

67, Ono of tho advantages of having village/block statistica of the above typo
is that rescarch studies, on the relationship of the houschold or individual characteris-
tics (demographic, economic or social) with the villago characteristica, is possible as
detailed data on consumption, enterprise, employment ete., aro being collected from
samplo houscholdy in the villageajblocks. One can also relate the villago characteristics
with regional, —lehsil, district or State, — characteristics.




APPLICATIONS OF BESSEL FUNCTION DISTRIBUTIONS

By FRANK McNOLTY
Lockheed Missiles and Space Company, Sunnyvale, California

SUMMARY. The paper presonts a concise discussion of some probability density funotions
which are useful in tho trestment of various Military Operalions Rescarch probloms related to rodar dis-
crimination. Tho prescnco of soms type of redar processor is implicd; howover, it ia of a very simplo typo
whose essontinl components include o narrow.band filter, a full-wave square-law dotector and a post-dotee-
tion integrator, A very gonoral sct of probability donsity functions aro derived which deseribo the signal
andjor noiso which is prvm-o\l by the udu reciver.  Tho functions aro usoful for both the analysis and

lation of ralar p and phaso.  As & mattor of intorcat, eomo of theso
functions aro spocialized 1o n‘» moro familisr exprossions which ono moy 6ind in the EE literature.

In an elegant paper Laha (1954) dorived many useful propertics of a very
general distribution function,

Flc)w = (2/f)P-110tP-1132Pe-814e) g=aw]p_ (/) - {1

where w, @, P > 0, # > 0and Pisnot necessarily aninteger.  Here Jp_y( X) is the modi-
fied Bessel function of tho first kind of order P—1.

Tho generality of Laha's function is evidenced by the fact that it includes, as
special cases, such distributions as the gamma distribution, non-central chi-square
distribution, various I hyperg ic distributions and, of course, such

simpler functions as the exponential, chi-squarc and Erlang distributions.

Strangely, expression (1) and its earlier counterparts sccm to have been over-
Jooked in the EE literature; although it does includo a9 specinl cases the probability
density functions for :

(1) The sum of n independent Gaussian (mean zoro) noise pulses intergrated
from tho output of & square-law detector. Let f# =0, P=n and @ = 1jo? where
at is the cffectivo receiver naiso power measured in the IF filter (i.o. the varianco of the
Gaussian noise-voltago distribution).

(2) Tho output of a squarc-law detector when tho receiver input is given by
&(1)+n(1) where n(t) is a narrow-band Gaussian (mean zero) noiso voltage with varianco
o and (1) is a signal voltago with constant amplitude 4, i.e.

4{t) = A coa[od+0(1)).
Let Pete=} nnd,&_iﬁé.

(3) Tho sum of n independent signal-plus-noise pulses (as deseribed in tho pre-

ceding paragraph) integrated from tho output of o square-law detector. Let P=n,
1 Vnd
a=? and pu—_&,—.
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Ono can also rpecinlize expression (1) to include somo uscful situations in which
tho amplitudo .1 ia constant {completo correlation) over # integrated pulics, but flue-
tuntes independently from one sct of n integrated pulses to tho next sct according to
somo preseribed density function (sco (25), for instance). Similarly, specinl cases
of (1) apply to a situation in which the amplitude is over n integrated pulses
and the radar receiver suma K indopendent groups of n pulses each (again from the
squarc-law deteclor output). Theso latter two applications of expression (1) arise
{rom its relationship to some of the apecial forms of a confluent hypergecometric pro-
bability distribution.

1laring established tho relovance of Laha's function to the problem at hand,
wo now writo tho input to our narrow-band filter, full-wave square-law detector system
as

A0 = ()
= A1) cos [+ (1) @

whero #(f) may represent the vectorinl sum of soveral voltago returns (not including
receiver noise) and wff) is any narrow-band modulation of the carrier frequency w;.
The starting point of our analysis begins with the assertion that the probability density
function (when A is constant) describing a single pulso at the output of the square-law
detector is given by

P- - -
Flw)ho = (%) W D2 g (O,Im'ﬂc"'lr_l(ori\/ir)dw o (3)

whero 0 will bo taken as unity in order to expedite the discussion which follows.

In order to introduco the concept of random radar cross-section, a gencral
distribution is now assigned to the amplitude 4 which was taken as constant in ox-
pression (3). Tho distribution for the amplitudo haa tho form,

Qe — -
AANA = -%‘;i_)l-e (I, = 0L o (rAVA. )

If expression (1) ia denoted by F(w; a, B, Pydw then (4) would bo identified as
F((4Y2); A, +/2r, Q)AdA.

The choico of (4) was not arbitrary, sinco it includes (na spocial enses) soveral
distributions which agreo closcly with actual data such as tho Rayleigh, Maxwell-
Bol and ided Gaussi; Also, whonQ = X’, A =(2/\‘/.-l_') and r = 0 expres-
sion (4) reduces to an amplitudo distribution (sce oxpression (23)) which leads toa
gammn distributed radar cross-section where tho Iatter includes two of Swerling's
distributions (seo expressions (28) and (31)).
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When the product of oxpressions (3) and (4) is integrated over all possible values

of A (i.c. from zero to infinity) the random output of the square-law detector (for a
singlo pulse) is described by the following probability density function,

— (1) o gPrQHALPH-L T(Q+i+j)

BN 2 X e T T

Fy(wydw = e~**e dw. ... (B)

Tho expocted value of (5) can bo obtnined by stenightforward integration and is given by

e, ~ Y 2 S @) Qi)
Buy=(@a0e =0 B E ST s e Qi)
(2/\&)05_('112‘) 4 alr

a2 o TRQTIIT 2y

s MQ+i+) , 2 @+t
[P & wrmair £ G-y

_ (2)1)05_("p\) 2'." alrt
a(1+222)0 % TNQ+I(1F2Aa)

[ PUE2DTQH) | (Q+i)(Q+i)1+2Aa)0 ]

(2Aa)otT (2Ra)@+
P, Q ”
=tnat s - @

Expression (6) may be derived differontly by noting that the mean of (3), with
0 =1, is (Pla)+(A%42?) and then writing

Elw) = ar" wFy(w)dio = D;' {'wr(w; a 4, PYF(AY2; A, /41, Q)AdAdio
= [ AR4Y2; 2, vir, O wFlwia, 4, Py}
[} a

1 =
227 5

2F(z; A, v/3r, Q)dz = §+2i+ 4/(:1.. . (D

P
- ;+ Aa?

The variance of (5) may be similarly obtained by using the fact that the variance
of (3), with 0 = 1, is given by (Pla)4-(A/22%).

In order to obtain the distribution of tho randomly fluctuating radar cross-
section C; of all reflectors which produco tho voltages u(f) and v(f), wo assumo that tho
Teceivor noiso i negligiblo and noto that the varinblo 1 appearing in () is in units of
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powet and is related to Cy by w = KC¢ whero X includes all terma in the radar power

equation except, of course, the instantancous cross-scction Cr. 1t follows that

_ A P ”
E(i0) = = KOy = ;+2—%.+4—,\.;—.
and thus
.1 Q ny ll,
K= a_(—?, (”’m*’w:) - a(;',' v 8
Substituting w = KCy, diw = KdCy into (5) yiclds

Fy{CaIC; = (ajoe KN~ £ % oy
-

=0 §-

( K )p”c"'l-’ T(Q+i+j)dCx o
1% T T(QF9) NPH)(1+ 2Aa)0t]

where expression (9) is the probability density funetion for the randomly fluctuating
radar tion of all reflectors and it does not explicitly involve any

parameters (other than Cy) from the radar power equation. Regarding (5) and (9),
it is scen that no loss of generality was suffered by sctting 0 =1 in expression (3).
That is, one may take(4) to be a p.d.f. for 04 rather than just A; whence the quantity
0 may bo easily introduced via the parameters A and r without any change in the form
of (4).
Now returning to exptession (2), we writo
) = Al cos [ +$(t)]
= A1) co3 g(t) c08 wd— A(f) sin @(t) sin ol
=3 z{{) cos wld— y(t) 8in b o (10)
where
AYl) = 2{D)+y) o (11)
and a{f), y{t) will bo referred to as the components of the process u(f) .
From expression (4) it can bo shown that the characteristio function for cither
of the random varinbles z%(t) or y%(t) is,

it A~ (i — (2
0 = (1= B )T L =i . 12
wheneo the probability density function for either z%¢) or y¥() is given by,
ds = Y = (i — (2l
Fiods = 37 T a1 ZL)TON AR
ol =32 [ QM) ~11/2) £ (Q[2) =17, Q2 —(r34}) ~(rj2}e =
=2 [s i N e SRRV *X

O<a<w . (13)
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